The increased use of mechanical circulatory support has led to a rise in infectious complications in the recent years predisposing this population of patients to higher morbidity and mortality. In this study, we report a significantly lower rate of driveline infections of 0.12 episodes/patient-year as compared to the rates reported in the existing literature in patients with the HMII (Heartmate II). The study is limited by the fact that it is based on a small population of patients and was conducted retrospectively making recall bias hard to rule out. It is strictly restricted to one type of continuous flow pump (HMII) solely to decrease variations in the data reviewed. The exact cause of the low infection rate noted in this study is difficult to define. However, detailed teaching to the caregivers and the patient as well as close follow-ups in the perioperative period may substantially contribute to the outcome noted. Continued research limited to similar continuous flow ventricular assist devices in larger study populations would shed light on defining causes of infections in this population and developing robust algorithms to prevent such complications.
Introduction
The humble beginnings of mechanical circulatory support systems in non-human systems since the 1930s led to the first ever pneumatic pump in a patient that prolonged life in the 1960s [1] . Further research and development in this area resulted in the first Novacor pump being placed in 1984 as a bridge to transplant [2] . Mechanical circulatory devices have since evolved as mainstream therapy over the last few decades with accelerated growth in the recent past [3] . The use of ventricular assist devices has consequently evolved from being temporary supports to life-long use as destination therapy. Increasing use of ventricular assist devices (VADs), in the wake of donor organ shortage and higher incidence of end stage heart failure, has led us to the era of infectious complications post device placement. Infections of the driveline increase mortality and morbidity, increase number of hospital visits and length of hospital support as well as the possible need for surgical interventions. Post implantation, driveline infections increase healthcare costs, lower quality of life, and lead to poor outcomes in the long run making VADs seem like a less attractive option.
VAD infections have been defined, as per the ISHLT consensus document [4] , as being of 3 types: (a) VAD-specific infections, (b) VAD-related infections, and (c) non-VAD infections. Hannan et al. [4] have put forth definitions to delineate etiology of the different VAD infections as well as their impact on outcomes. VAD-specific infections are those specific to patients with VADs, involving device hardware such as pump/ cannula/pocket and percutaneous driveline. VAD-related infections are those that are not limited to VAD patients, but include mediastinitis and infectious endocarditis that bear a definite relationship in time and space to presence of VADS; non-VAD infections are typically all infections in the VAD patient population studied. Therefore, using these definitions VAD infections may be better classified and the incidence of VAD specific infections possibly be accurately reported. The incidence reported varies widely because of differences in the types of VADS studied and the definitions used to qualify infection [5] - [14] . The most recent retrospective study by Nienaber et al. [15] using the consensus document definitions [4] showed that in a population of 247 patients with average support of 1.5+/− 1.0 years (94% had Heartmate II (Thoratec Corporation, Pleasanton, CA, USA) with 62% being on destination therapy) the infection rate was 47% (driveline); 24% (VAD related bloodstream); and 22% (non VAD related bloodstream). Most common pathogens were staphylococci followed by nosocomial gram negative bacilli.
In our study, we report a remarkably low incidence of VAD specific infections as compared to the existing literature. The study population consisted of 100% Heartmate II patients with approximately 55% as destination therapy. Retrospective chart review was done from June 2010 to June 2013.
Materials and Methods
This project was approved by the Scott &White Memorial Hospital institutional review board (project id number 130206).
Materials
• Surgical hats, masks, and sterile outerwear as appropriate for all individuals in the room, including the patient.
• 1 Poly-Reinforced Sirus® (Mediline Mudeliein, Il, USA) Surgical Gown, Large, X-Long.
• 3 Curity™ (Covidien, Dublin, Ireland) Gauze Sponges, 12 Ply, 4 × 4 in. • 2 Excilon™ AMD™ (Covidien, Dublin, Ireland) Antimicrobial Drain Sponges.
• 2 Pairs of Sterile Gloves.
• 1 Container 0.9 Sodium Chloride Irrigation, USP, 250 mL.
• 1 Container Scrub-Stat™ (Ecolab, Mississuaga Ont, Canada) 2% Chlorhexidine Gluconate, 118 mL.
Methods

Surgical Construction of Driveline Pocket
An adequately sized pocket was created under the rectus abdominis sheath to avoid leaving any dead space around the pump body and driveline. During surgical implantation, care was taken to leave the body of the pump and driveline covered with an antibiotic soaked surgical sponge until the time of implantation. A tunneler was used in a curved fashion to travel as much distance as possible from the rectus sheath in the right upper abdominal quadrant until the driveline was penetrating inside out. Only the silastic part of the driveline was exposed outside the skin leaving the velour part completely inside the body. The silastic part of the driveline has a smoother surface compared to velour part providing a better skin attachment leading to less dehiscence and presence of fewer bacteria. Polypropylene sutures were placed at the driveline entry site to anchor skin opening and one of the polypropylene sutures was tied around the driveline to secure the driveline and decrease its movement during the immediate postoperative period. The secure suture was left in place for a month postoperatively and removed in the outpatient clinic once the driveline was found to safely adhere to the skin.
Dressing Change Protocol
Our dressing change protocol does not vary from the clinic to the home setting, and dressing changes are always administered by a trained caregiver. All caregivers are trained post implantation by the VAD coordinators.
Prior to initiating the dressing change a sterile environment is established which entails that all individuals (including the patient) within the immediate area of the dressing change wear surgical masks and hats.
Once sterility is established, the equipment used for the dressing change is opened and three containers with Curity™ Gauze Sponges are assembled. In the first container of gauze sponges (container 1), 125 mL of 0.9% sodium chloride irrigation and 10mL of Scrub-Stat™ 2% antimicrobial soap is placed. In the second container (container 2), 125 mL of 0.9% sodium chloride irrigation fluid is added. The third container (container 3) is filled with dry sponges. Container 1 functions as the wash, container 2 functions as the rinse, and container 3 serves as the dry sponge reserve.
After the cleaning agents are made ready for use, the used dressing is removed from the patient. The first of the double pair of gloves is discarded following the disposal of the used dressing. The exit site is further cleaned and washed using gauze sponges from container one. Before use, each gauze sponge is squeezed in order to remove all excess cleaning solution. Then, the driveline exit site is wiped using circular motions in a counterclockwise fashion taking care not to use a gauze sponge more than once. After each wiping motion, the next wipe is begun with a new gauze sponge starting with the tissue closest to the driveline exit site, and wiping outward with each circular wiping motion until the entire area of the driveline has been cleaned. After allowing a few minutes for the soap to set, this exact step is repeated with gauze sponges from container 2.
When the entire driveline site has been rinsed with gauze sponges from container 2, gauze sponges from container 3 are used to dry the site. During the drying stage of our protocol driveline exit site is dried in the same inside-outward circular fashion until the entire area is dry.
When drying is complete, one antimicrobial drain sponge is placed around the driveline cord. The driveline cord around the first drain sponge is looped, because this lessens the chance of pressure on the driveline followed by a second antimicrobial sponge around the driveline cord on top of the loop in the opposite orientation to the first. A large Tegaderm™ film (8 × 6 in) is used to cover the driveline area in order to secure the driveline. Any area not completely covered by the large film, is covered by a smaller extra Tegaderm™ film (4 × 4.75 in). After the driveline has been completely covered an d secured, all gloves and sterile equipment may be removed. An abdominal binder is used by all patients to immobilize the driveline.
Follow up of patients was either until death or explantation of device for transplantation, or until the study period terminated.
Results
Study Population and Retrospective Analyses
The baseline characteristics of the study population are shown in Table 1 . Thirty-six patients (32 males and 4 females) were included in the retrospective analyses: 39% of the subjects had ischemic cardiomyopathy, 39% had diabetes, 55% were on destination therapy, 6% had peripheral vascular disease, and 45% were smokers at the time of implantation. The average age was 56 years at implant and average length of pump support was 207 days; 8% of the population underwent pump exchange. Ethnicity of patients were predominantly Caucasian (78%) followed by 11% African American, 8% Hispanic and 3% Asian.
Period of Retrospective Analyses
In the 36 patients who were retrospectively studied, drive line infections were noted only in 3 patients thus far. No driveline infection related deaths occurred in the period reviewed. In the period of retrospective analyses 8 non-infection related deaths were noted. One patient had faced imminent amputation and hence pump support was withdrawn by family at 2 weeks status post implant. Two patients died of intracranial bleeds at 5 and 10 months of support. Three patients died of complications from right ventricular failure at 2, 7 and 8 months post implantation. Two patients died of intraoperative complications 1 day and 4 weeks post implantation. In the population that survived as bridge to transplant no infection has been noted. All three patients who developed infections were on destination therapy. Characteristics of patients who had infection are summarized in Table 2 . Patient 1 had a driveline infection at 435 days of support with no blood stream involvement and was treated with Ciprofloxacin 400 iv q12 for 2 weeks. She was then transitioned to po ciprofloxacin × 4 weeks. The patient had ongoing pain at 1 year post implantation hence a minor surgical procedure was performed to relieve pain by releasing a nerve entrapment. It is unclear if this led to a infective process that affected the driveline as this event could have interrupted the healing process. Patient 2 had a driveline infection after an ileostomy was performed for an ischemic bowel injury. The bowel injury was caused by discontinuation of power supply to the pump inadvertently by the patient for a few minutes while switching from battery pack to power outlet. This event may have precipitated the driveline infection. The treatment was Vancomycin IV × 2 weeks, Flagylpo × 2 weeks, Daptomycin IV × 4 weeks. This patient has had oral antibiotic suppression therapy with doxycycline and amoxicillin/clavulanate ever since the infection on an ongoing basis. Patient 2 also needed surgical debridement and placement of a wound vac as part of the treatment to enhance wound healing and growth of granulation tissue.
Patient 3 had a driveline infection > 1 year post implantation secondary to non-compliance with adequate dressing changes. Intravenous antibiotic treatment was started after which patient had to be transferred to another transplant center due to insurance issues. Table 3 shows details of antibiotics and sensitivities of the microorganisms. Patient 2 required surgical debridement once. Driveline infections noted in the 3 patients in this study were all classified as superficial and involved no abscess formation. All patients suspected of having infections underwent additional radiographic, ultrasound and computed tomographic imaging to exclude abscess formation. Transthoracic and/or transesophageal echocardiography was performed if there was any clinical suspicion of endovascular seeding. All pump exchanges reported in this study population were performed due to thrombus formation.
Incidence of Driveline Infection
The incidence of driveline infections in this study is 8.3% and it translates to 0.12 episodes per patient year. Figure 1 is a graphic representation of the incidence over time. This is a remarkably low rate of driveline infections as compared to that reported in the literature from studies on HMII patients (1.65 episodes per patient year) [16] .
Discussion
Infections in LVAD recipients have been studied in a variety of settings using different devices, as well as different classifications and definitions of infections and variable study populations, mostly in a retrospective fashion. This has led to considerable variation in the incidence of VAD specific infections reported. In this study we have addressed the incidence of driveline infections in a small population of patients with a single type of continuous flow left ventricular assist device (HMII). Our study is limited by the fact that it is based on a small population of patients and was conducted retrospectively. Hence, information recall bias cannot be ruled out. Our patient population was severely ill with >75% of the study subjects being in INTERMACS 1-2 at the time of implantation. Our study shows a markedly low incidence of driveline infections (0.12 episodes per patient year) the exact cause of which is difficult to pinpoint. Bomholt et al. in their study [16] , which also included only HMII recipients, show an incidence of 1.65 episodes per patient per year. Consistent with our findings they also report only superficial infections in this population. The etiology noted was also secondary to infection arising from skin or gastrointestinal pathogens, which is in agreement with our findings. In another study by Loforte et al. [17] , in a small population of 18 HMII recipients, two patients were reported to have a drive line infection which amounts to 16.7% in a follow up period of 217 +/− 212.3 days versus our study which shows a driveline infection rate of 3/36 (8.4%) for a pump support duration of 207 ± 191 days (Figure 1) . In a bridge to transplant study [18] , which focused on 102 HMII recipients, a 24.5% driveline infection was noted. A recent multicenter study [19] showed in a prospective follow up of up to 400 days status post implantation no differences in incidence of driveline infections in pulsatile versus continuous flow pumps. Abicht et al. [20] , however, report an advantage by exchanging HMII with Heart ware LVAD because of the reduced size and flexible driveline of the latter in patients with complex driveline or pump infections. Gordon et al. [19] show a biphasic spurt of VAD infections such as <60 days post surgery and another phase around 210 -240 days that constituted much fewer cases. The effect of depression on post implantation infection was an interesting aspect that was highlighted in the study by Gordon et al. [19] . Therefore, our study shows a lower rate of VAD infections (0.12 episodes per patient year) as compared to the numbers documented in literature (1.65 episodes per patient year) [16] . The study has its limitations as discussed above. In addition, the limited size makes rigorous statistical analyses of risk factors impractical. Review of literature and the experience in our center may highlight the importance of compliance with frequency and technique of dressing change, education of the caregiver and the patient and the use of regular antibiotic prophylaxis. This study has strictly focused on one type of continuous flow pump namely the Heartmate II in order to reduce variations in the data reviewed. It is also possible that meticulous construction of the driveline pocket and the placement of the polypropylene suture to minimize motion contribute to reduced driveline infection. Additionally our protocol calls for use of an abdominal binder to secure the driveline in place. Further research limited to similar continuous flow ventricular assist devices in larger study populations would shed light on developing robust algorithms. The most recently published algorithm by Nienaber et al. [15] would be a good start to assess risk factors and plan management of VAD infections to help improve outcomes as we plunge into the era of mechanical circulatory support systems. We propose a system of rigorous education for the caregiver and the patient on driveline dressing change, antibiotic prophylaxis in the perioperative period and close follow up in the early postoperative period up to 90 days.
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